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Requesting and Controlling Access in a 
Wireless Communications Network 

FIELD OF THE INVENTION 

The invention relates to the field of requesting and controlling access to a node of a 
wireless communications network. In particular, the invention relates to access 
schemes which employ identification codes to differentiate between access requests 
of different network components. 

BACKGROUND OF THE INVENTION 

Modern wireless communications networks employ different access techniques when 
a first network component intends to access a second network component. As an 
example for such access techniques the so-called random access (RA) scheme can be 
mentioned. The name "random access" indicates that access requests are generated 
in a random manner from the point of view of a network component receiving the 
access requests. 

An exemplary RA scheme is specified by the 3 rd Generation Partnership Project 
(3GPP) in section 6 of the 3GPP document TS 25.214, Version 4.4.0 (2002-03) titled 
"Technical Specification Group Radio Access Network; Physical Layer Procedures 
(FDD); Release 4". Another exemplary RA scheme has been defined by standardiza- 
tion bodies for the Global System of Mobile Communications (GSM). 

In RA schemes there may arise the situation that several network components 
simultaneously try to'access a specific further network component, i.e. that access 
requests of different network components "collide". Such collisions are detrimental to 
the quality of service since they result in access delays, message losses, etc. Conse- 
quently, various techniques have been introduced to avoid or reduce the detrimental 
effects of collisions inherent in RA schemes. 
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For example it has been proposed to implement slotted repetition schemes according 
to which a specific network component repeatedly transmits its access request until it 
receives an acknowledgement from another network component. Furthermore, 
collisions may be avoided or reduced by providing a technique that allows to differen- 
tiate between access requests of different network components. To that end each 
access request may comprise a particular identification code, also called "random 
discriminator" (GSM) or "signature" (3GPP), which allows a network component that 
receives two or more access requests simultanueously to discriminate between 
random access requests of different network components. A third way of reducing 
collisions inherent in RA schemes is to group the network components into specific 
access classes. The definition of such access classes allows to prohibit whole popula- 
tions of network components the transmission of access requests based on their 
membership to a specific access class. 

All these mechanisms help to avoid or reduce access delays and other detrimental 
effects of colliding access requests typical for RA schemes. However, such collisions 
are not the only source of e.g. access delays. Another source are for example too low 
power levels of the access request signals. Too high power levels, however, unnec- 
essarily increase the overall interference level and reduce the system capacity. 

This demonstrates the need for efficient power control mechanisms. In general, 
power control refers to the possibility to control within a specific range the transmit 
power of individual network components. An exemplary power control mechanism for 
the transmission of access request signals within RA schemes is described in Matthias 
Schulist, Georg Frank, "Link Level Performance Results for a WCDMA Random Access 
Scheme with Preamble Power Ramping and Fast Acquisition Indication", Proc. of 
VTC99.-Fall. According to this power control mechanism a specific network compo- 
nent repeatedly transmits its access request signal using a power ramping technique. 
Starting at a properly' chosen initial power level, successive access request signals 
are transmitted at increasing power levels until they are detected by a network 
component which has the task of access management. 

In response to receipt of an access request signal the network component having the 
task of access management has to signal to the network component which issued the 
request whether the request is granted or denied. To this end an access control 
signal has to be generated and transmitted. 
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To choose an appropriate transmit power level for the access control signal is an 
operator's choice which influences the capacity of the network component that 
transmits the access control signal. In order to ensure a sufficiently high detection 
probability of the access control signal, the access control signal will usually be sent 
at a comparatively high transmit power level. 

There is a need for an effective signaling mechanism between a network component 
requesting access to a node of a wireless communications network and another 
network component controlling the access. 

SUMMARY OF THE INVENTION 

This need is satisfied according to the invention by a method of requesting access to 
a node of a wireless communications network in which identification codes are used 
to differentiate access requests of different network components, the method 
comprising the step of determining information about a transmission path within the 
network, the step of determining an identification code in dependence on the deter- 
mined transmission path information, wherein previously an association between 
identification codes and transmission path information has been established, and the 
step of modulating the determined identification code onto a signal to generate an 
access request signal carrying transmission path information. 

A complementary aspect of the invention relates to a method of controlling access to 
a node of a wireless communications network in which identification codes are used 
to differentiate access requests of different network components, the method 
comprising the step of receiving an access request signal onto which an identification 
code has been modulated, analyzing the identification code to derive a transmit 
power level therefrdm, wherein previously a (direct or indirect) association between 
identification codes and transmit power levels has been established, and the step of 
transmitting an access control signal including access control information at the 
transmit power level previously derived. 

By associating identification codes with transmission path information a signaling 
mechanism is realized which allows an improved signaling between a network 
component requesting and a network component controlling access to a network 
node. Preferably, the network component controlling the access is identical with the 
network node to which access is requested. The invention may be practiced in any 
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wireless communications network which uses identification codes for managing 
access requests and in particular in context with RA or RA-like schemes using identi- 
fication codes like "random discriminators" (GSM) or "signatures" (3GPP). 

The transmission path information may relate to various aspects directly or indirectly 
related to a transmission path between e.g. the requesting network component and 
the controlling network component or the network node. It may relate for example to 
a path loss parameter or any other parameter characteristic of a state or length of 
the transmission path stretching between the network component which requests 
access and e.g. the network node to which access is requested. The transmission 
path information carried by the access request signal may be indicative of a transmit 
power level e.g. required to guarantee a sufficiently high detection probability of a 
signal like an access control signal transmitted after receipt of and/or in response to 
the access request signal. 

The transmission path information is sent with the access request signal to the 
network component controlling the access to the network node and can be exploited 
by this network component for various purposes. Preferably, the transmission path 
information is exploited for selecting an appropriate transmit power level for at least 
one of the access control signal and subsequent signals. Alternatively or additionally, 
the transmission path information may be passed to other network components for 
e.g. power control purposes. However, the transmission path information may also 
be used for purposes that do not or not directly relate to power control. As an 
example the generation of transmission path statistics can be mentioned. 

The transmission path information may be determined in various ways depending on 
its content. For example the transmission path information may be obtained by 
means of measurements, calculations or estimation steps. 

Once the transmission path information has been determined, the corresponding 
identification code is determined next. Depending on the determined transmission 
path information, the identification code may for example be selected out of a 
predefined set or range of identification codes. To that end a look up table may be 
provided which associates identification codes and transmission path information. 
Such an association may, however, also be established by means of specific functions 
which allow a mapping of transmission path information on identification codes (and 
vice versa). Preferably, specific classes of transmission path information relating for 



WO 2004/030392 



-5- 



PCT/EP2002/010887 



example to individual ranges of transmission path parameters are defined and the 
identification codes are grouped or arranged such that an association between the 
classes of transmission path information and groups or ranges of identification codes 
or individual identification codes is obtained. 

The identification codes preferably have the form of orthogonal sequences. This 
allows the simultaneous or quasi-simultaneous transmission of the identification . 
codes to (and from) the network component which controls access. 

In the following, different aspects of the invention will be described separately for 
the network component which requests access on the one hand and the network 
component which controls access on the other hand. 

Aspects in context with the network component which requests access will be 
described first. This network component is preferably configured to receive in re- 
sponse to its access request signal an access control signal including access control 
information and to analyze this access control signal at least with respect to the 
included access information. The access control information relates for example to 
explicitly granting or denying an access request or to the specification of a "retry- 
after" interval. 

In RA schemes a plurality of network components might simultaneously attempt to 
access a single network node. In such a case the access control signal may simulta- 
neously include access control information for this plurality of network components. 
Preferably, the access control information for a particular network component is 
associated in the access control signal with the network component's identification 
code as stated in the network component's access request signal. Thus, each net- 
work component may fetch from the access control signal the access control informa- 
tion relating to its own access request. 

To increase the detection probability of an access control signal and to reduce the 
false alarm probability, a received access control signal may be subjected to an 
interference canceling step. Various interference canceling routines may be used. 
According to a preferred variant of the invention, the interference canceling step 
includes subtracting from the access control signal a compensation signal reflecting 
access control information that is not associated with the identification code used by 
the network component which performs the interference canceling step. Advanta- 
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geously, the compensation signal relates only to such access control information 
which was sent at the same and/or a higher power level than the network compo- 
nent's own access control information. The network component may derive informa- 
tion about the power level with which specific access control information was sent by 
analyzing the identification code associated with this access control information. 

In order to obtain a satisfying trade off between power efficiency and access delay, 
the access request signal transmitted by a network component requesting access to 
a network node may be transmitted repeatedly using transmit power ramping. 
During transmit power ramping the transmit power of repeatedly transmitted access 
request signals is increased according to a particular power ramping scheme. 

In the following, aspects in conjunction with the network component receiving one or 
more access request signals will be described in more detail. A possible variant of the 
method performed according to the invention by such a network component may 
comprise the step of receiving an access request signal onto which an identification 
code has been modulated, the step of analyzing the identification code with respect 
to transmission path information associated therewith, wherein previously an associa- 
tion between identification codes and transmission path information has been 
established, the step of deriving a transmit power level from the previously obtained 
transmission path information, and the step of transmitting an access control signal 
including access control information at the previously derived transmit power level. 

The transmit power level may be directly derived from the identification code, for 
example using a look up table, or may indirectly be derived from transmission path 
information deduced from the identification code included in the access request 
signal. 

As has been mentioned above, the access control signal transmitted by the access 
controlling network component in response to detection of an access request signal 
includes access control information. Preferably, the access control signal additionally 
includes the identification code derived from the detected access request signal. In 
the access control signal the identification code of a particular network component 
requesting access may be associated with the corresponding access control informa- 
tion for this network component. This is especially advantageous in the case the 
access control signal simultaneously includes access control information for a plurality 
of network components. The reason for this is the fact that each network component 
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may have stored the identification code it previously modulated onto the access 
request signal so that each network component can fetch the right access control 
information out of the access control signal. 

If the access control signal includes access control information for a plurality of 
network components, the transmit power level of the access control signal may be 
derived and adjusted individually for each access control information to be sent. This 
means for example that the access control signal may be transmitted at a higher 
transmit power level when control information intended for a remote network com- 
ponent is sent and vice versa. 

The invention can be implemented as a hardware solution and as a computer pro- 
gram product comprising program code portions for performing the above steps 
when the computer program product is run on a network component. The computer 
program product may be stored on a computer readable recording medium like a 
data carrier attached to or removable from the network component. 

The hardware solution includes a network component configured to request access to 
a node of a wireless communications network and comprising a first determination 
unit for determining information about a transmission path within the network, a 
database including data associating identification codes and transmission path 
information, and a second determination unit for determining in dependence on the 
determined transmission path information an identification code to be included in an 
access request signal carrying transmission path information. Additionally, this 
network component may comprise a modulator for modulating the selected identifi- 
cation code onto a signal to generate the access request signal and a transmitter for 
transmitting the access request signal. 

According to a complementary aspect of the invention, a network component config- 
ured to control access to a node of a wireless communications system is provided, 
the network component comprising a database including data associating identifica- 
tion codes and transmit power information, an analyzer for analyzing the identifica- 
tion code included within a received access request signal with respect to the 
transmit power information associated with the identification code, and a derivation 
unit for deriving from the transmit power information obtained by the analyzer a 
transmit power level for an access control signal. 
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The database which is used for associating identification codes and transmit power 
information may have various configurations. It may for example be configured as a 
look up table directly correlating individual identification codes or ranges of identifica- 
tion codes with corresponding transmit power levels. On the other hand, it is also 
possible that the database indirectly associates identification codes and transmit 
power information via transmission path information. In such a case the identification 
codes may for example be associated with transmission path information and the 
transmission path information may be correlated with transmit power levels. The 
transmit power level to be used for transmitting an access control signal can thus be 
derived from transmission path information correlated with a specific identification 
code. 

The network component fulfilling the task of access control may further comprise a 
receiver for receiving the access request signal onto which the identification code has 
been modulated and a transmitter for transmitting the access control signal at the 
transmit power level derived by the derivation unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further aspects of the invention will become apparent from the following description 
of various embodiments of the invention and upon reference to the drawings, in 
which: 

Fig. 1 schematically shows the topography of a wireless communications 
network according to the invention; 

Fig. 2 schematically shows a random access scheme in which the present 
invention may be implemented; 

Fig. 3 schematically shows the structure of an access request having the form 
of a preamble signal; 

Fig. 4 schematically shows the structure of an acquisition indicator serving as 
access control information; 

Fig. 5 schematically shows the generation of access control information; 
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Fig. 6 schematically shows the structure of a message sent in response to a 
positive access control information; 

Fig. 7 schematically shows a network component in the form of a user equip- 
ment according to the invention; 

Fig. 8 schematically shows a network component in the form of a base station 
according to the invention; 

Fig. 9 schematically shows the units of a user equipment involved in an 
interference canceling procedure; 

Fig. 10 schematically shows some of the units depicted in Fig. 9 in more detail; 
and 

Fig. 11 schematically shows some of the units depicted in Fig. 10 in more 
detail. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In the following the invention will exemplarily be set forth with respect to a wireless 
communications system according to the 3GPP specification. In particular, the 
invention will be described in context with the RA scheme defined in section 6 of the 
3GPP document TS 25.214, Version 4.4.0 (2002-03) titled "Technical Specification 
Group Radio Access Network; Physical Layer Procedures (FDD); Release 4". It should 
be noted, however, that the invention could also be practiced in another wireless 
communications system like CDMA 2000. 

Furthermore, although the invention is hereinafter described in context with network 
components in the form of user equipments (UEs) requesting access to a common 
network node (network component) configured as a base station (BS), the invention 
is neither limited to such specific network components nor does the network node to 
which access is requested necessarily have to be identical with the network compo- 
nent controlling access to this network node. 
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In particular, the invention is not limited to the "remote power control" functionality 
described hereinafter. Other functionalities apart from power control could be 
implemented on the basis of the inventive concept as well. 

In Fig. 1 an exemplary 3GPP wireless communications network 10 according to the 
invention is depicted. As becomes apparent from Fig. 1, the network 10 comprises a 
central network node in the form of a base station BS and a plurality of user equip- 
ments UEs in the form of e.g. mobile telephones, personal digital assistants (PDAs), 
etc. Communication between the base station BS and the individual user equipments 
UEs is performed over individual transmission paths 12. In Fig. 1 between the base 
station BS and each user equipment UE only a single transmission path 12 is shown. 
It should be kept in mind, however, that in reality multipath propagation may occur. 

3GPP has defined an RA scheme for its FDD (WCDMA) mode in the 3GPP specifica- 
tions TSG-RAN WG1 TS25.211 to TS 25.215. The 3GPP RA scheme provides benefits 
from both an access delay and a power efficiency point of view. The RA scheme 
comprises a reverse link (uplink, UL) component that stretches from the user equip- 
ment UE towards the base station BS and a forward link (downlink, DL) component 
that stretches from the base station BS to the user equipment UE. The UL compo- 
nent is called Physical Random Access CHannel (PRACH) and the DL component is 
called Acquisition Indicator CHannel (AICH). In general, the UL PRACH is used for 
transmitting access request signals and messages to the base station, while the DL 
AICH is used to transmit to the user equipment UE access control information 
generated in response to detection of an access request. 

Fig. 2 shows a sketch of the 3GPP WCDMA RA scheme. In the following, this RA 
scheme will briefly be described as far as it is relevant for the present invention. 

In the upper half of Fig. 2 the UL PRACH is depicted. The UL PRACH is divided into a 
plurality of individual access slots having a length of 5120 chips each. At a chip rate 
of 3.84 Mchips/s this corresponds to an access slot length of 1,33 ms. Each time a 
user wishes to e.g. set up a call, his user equipment UE randomly selects one UL 
access slot out of a predefined set of access slots (slotted ALOHA concept). 

Each access on the PRACH is divided into two distinct phases which are separated by 
an acquisition indication phase on the AICH. During the first phase an access request 
signal in the form of a preamble is repeatedly sent on the PRACH. During the second 
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phase, which is initiated in response to receipt of a positive preamble acknowledge- 
ment on the AICH, a message is sent on the PRACH. Thus, the UL PRACH frame 
format consists of one or several preambles, each preamble having a length of 4096 
chips 0* 1 ms) and being followed by a guard period of a flexible length and a 
message part of 10 or 20 ms. Preamble and guard period timing are matched to the 
RA access slot structure to allow an exact UL time frame alignment of the message 
part. 

As can be seen from Fig. 2, the access request signal (preamble) repeatedly trans- 
mitted by the user equipment UE on the UL PRACH is subjected to power ramping. 
During the preamble power ramping phase, the preamble power level on the 
UL PRACH is steadily increased by the user equipment UE starting at a properly 
chosen initial power level. The initial power level may for example be determined by 
estimating the path loss taking known base station transmit power and interference 
levels into account. 

The structure of the preamble, i.e. of the access request signal, is depicted in Fig. 3. 
As can be gathered from Fig. 3, the preamble is a sequence of 256 repetitions of a 
signature Si of length 16 chips. 

The preamble signatures are used as identification codes to avoid or reduce the 
collision probability of preambles (access requests) originating from different network 
components. To that end 3GPP specifies sixteen signatures in the form of orthogonal 
sequences (Walsh sequences) that according to the 3GPP specification are randomly 
selected by the user equipment UE during each access attempt. 

A user equipment UE requesting access repeatedly transmits randomly selected 
preambles at an increasing power level until the latest preamble is detected at the 
base station BS. Having identified the preamble signature, the base station BS 
transmits an immediate ("fast") acquisition indicator (AI) on the DL AICH as illus- 
trated in the lower half of Fig. 2. As becomes apparent from Fig. 2, there is a timing 
offset between the UL PRACH and the DL AICH access slots. 

According to the DL AICH frame format depicted In Fig. 2 and Fig. 4, a radio frame is 
divided into access slots having a duration of 5120 chips each. Thus, the DL AICH 
access slot structure exactly corresponds to the UL PRACH slot structure. Each access 
slot on the DL AICH consists of an AI part having a length of 4096 chips followed by 
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an idle time of length 1024 chips (see Fig. 4). The AI part of each access slot con- 
sists of the symbol-wise combination of sixteen complex orthogonal code words 
ai ... a i6 , each code word having a duration of 4096 chips after spreading. The code 
words ai ... ai 6 match one to one the preamble signatures used on the UL PRACH. 
Any successfully received preamble on the UL PRACH carrying a specific signature is 
assigned the corresponding AI code word on the DL AICH. Therefore, the code words 
are also called AI signatures. This allows a requesting user equipment UE being 
aware of its preamble signature to fetch the correct AI on the DL AICH. Referring to 
Fig. 4, each AI signature consists of sixteen AI symbols. 

An AI constitutes an access control signal and carries information relating to the 
following contents: 

AI = 1: positive preamble acknowledgement: preamble detected, user equip- 
ment UE should send message; 

AI = 0: preamble not detected: re-send preamble at an increased power level; 

AI = -1: negative preamble acknowledgement: preamble detected, user equip- 
ment UE should not send message. 

The case A = 0 thus essentially means that the respective AI signature is not trans- 
mitted at all. 

The generation of AICH information per access slot is schematically shown in Fig. 5. 
As becomes apparent from Fig. 5, during one access slot access control information 
for up to sixteen access requesting user equipments UEs can be transmitted on the 
DL AICH. This is due to the fact that the sixteen code words ai ... ai 6 are orthogonal 
with respect to each other. 

A user equipment UE monitors during the guard period following the transmission of 
a preamble on UL PRACH whether or not an AI including an AI signature correspond- 
ing to the signature modulated onto the preamble is detected on DL AICH. If this is 
the case, the dedicated access control information included in the AI is assessed. In 
the case of a positive acknowledgement (AI = 1), the message is sent by the user 
equipment UE at the next UL PRACH access slot after AI transmission and reception. 
In the case of a negative acknowledgement (AI = -1), the user equipment UE 
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refrains from sending the message and aborts preamble power ramping. In the case 
the respective AI signature is not detected (AI = 0), the user equipment UE contin- 
ues with preamble power ramping. 

The format of a message sent on UL PRACH in the case of AI = 1 is schematically 
depicted in Fig. 6. The message part occupies one or two radio frame(s). Data is 
transmitted in the "I" branch, referred as to as Dedicated Physical Data CHannel 
(DPDCH). Pilot symbols and control information like Transport Format Combination 
Indicators (TFCIs) are transmitted in the "Q" branch, called the Dedicated Physical 
Control CHannel (DPCCH). The data transmission on DPDCH is concluded with the 
transmission of a Cyclic Redundancy Code (CRC). As becomes apparent from Fig. 2, 
the message may be sent at the same transmit power level as the last preamble 
signal, i.e. as the preamble signal that gave rise to the AI on the DL AICH, or at a 
transmit power level having a power offset with respect to the transmit power level 
of the last preamble signal. 

In order to avoid access delays and excessively high preamble and message power 
levels, secure detection of an AI that was sent by the base station BS on the DL AICH 
to the user equipment UE has to be ensured in different transmission propagation 
scenarios. This is reflected by the so-called detection probability that should ideally 
approach 100 %. In addition, and in particular to avoid high access delays and 
increased interference levels in the base station BS, AIs that were actually not 
transmitted by the base station BS should not give rise to corresponding detection 
results by any user equipment UE. This is reflected by the so-called false alarm or 
imitation probability that should ideally approach 0 %. 

In order to simultaneously ensure a high detection probability, a low false alarm 
probability and lowlnterference levels, transmit power levels for the AIs have to be 
chosen carefully. Since the base station BS hitherto has not been informed about the 
location of, i.e. the path loss to, a requesting user equipment UE, usually the maxi- 
mum available power has been selected in order to ensure sufficient AI detection and 
false alarm performance. 

In this respect the AICH is somewhat similar to the Common Pilot CHannel (CPICH) 
that determines the cell size covered by the base station BS. Some predictions 
estimate a transmit power of 2 to 4 W for the CPICH. This would mean between 1,6 
to 12,8 W mean power to be spent for an AICH when a continuous traffic of 1 to 4 
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simultaneous AIs and AICH is assumed. This could result in an exhaustive usage of 
the available base station power resources and other resources as a result of the fact 
that the base station BS does not have adequate information about the transmission 
path to the user equipment UE requesting access to the base station BS. 

To avoid the scenario illustrated above the user equipments UEs transmit information 
available to them about the state of the transmission path to the base station BS 
together with the preamble signature ("identification code") on the UL PRACH. A 
possible procedure of transmitting exemplary transmission path information to the 
base station BS will be described hereinafter. 

The preamble power ramping depicted in Fig. 2 starts at an initial power level that is 
estimated by the user equipment UE from the DL path loss and the target signal-to- 
noise ratio at the base station BS in order to ensure a specific reception quality. The 
DL path loss may for example be estimated from the broadcast base station power 
level (e.g. on the CPICH) and the actually received power level. Instead of or in 
addition to the path loss the user equipment UE may determine other parameters 
characteristic of the state of a transmission path to the base station BS, for example 
by means of measurements. 

Once the user equipment UE has determined transmission path information in the 
form of a path loss estimate, it can classify itself with respect to its membership to a 
specific "path loss class". To that end the complete set of sixteen preamble signa- 
tures is split into individual path loss classes. For example the signatures could be 
split into four groups of four signatures each, wherein each signature group indicates 
a specific path loss. According to such a scenario the user equipment UE may select 
a preamble signature in dependence on the determined transmission path informa- 
tion based on the fallowing association between preamble signatures and path loss 
estimates: 



Path Loss 


Path Loss Class 


Available Preamble Signa- 
tures 


0 - 10 dB 


1 


1-4 


> 10 - 20 dB 


2 


5-8 


> 20 - 30 dB 


3 


9-12 


> 30 dB 


4 


13-16 
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Having estimated an actual path loss for the transmission path to the base station 
BS, the user equipment UE randomly selects a corresponding preamble signature out 
of the signature group corresponding to this path loss and modulates this signature 
onto the preamble signal. Consequently, the preamble signal not only carries the 
identification code of the user equipment UE, but simultaneously transmission path 
information in the form of a specific path loss class. 

For example if the user equipment UE estimates a path loss of 22 dB, it determines 
from the above table that this path loss corresponds to path loss class 3. It then 
selects randomly one of the signatures 9 to 12 corresponding to this path loss class 3 
and modulates the selected signature onto the preamble. 

By the above grouping of the sixteen preamble signatures and mapping onto path 
loss classes, signaling of path loss information from the user equipment UE to the 
base station BS can be performed. A serving base station BS which identifies a 
specific preamble signature can thus determine the corresponding path loss class 
(e.g. class 3) and may set the respective AI transmit power level appropriately (e.g. 
10 dB below the CPICH transmit power level). This allows the base station BS to 
serve a user equipment UE which is close to the base station BS with a lower power 
level than a far distant user equipment UE. In particular, a serving base station BS 
may simultaneously transmit RA AIs with individually adjusted transmit power levels. 

When the base station BS simultaneously transmits AIs on the DL AICH, the dedi- 
cated AI of a user equipment UE belonging to a low path loss class might be severely 
interfered by other AIs. Therefore it is advantageous to implement appropriate 
interference canceling procedures in the user equipment UE. Prior to discussing an 
exemplary interference canceling procedure in more detail, the units required in a 
user equipment UE'and a base station BS to carry out the invention will be described 
with reference to Figs. 7 and 8. 

In Fig. 7 one of the user equipments UEs of the wireless communications network 10 
depicted in Fig. 1 is exemplarily illustrated. The user equipment UE comprises several 
units including a database 20, a first determination unit 22, a second determination 
unit 24, a modulator 26, a transmitter 28 and an antenna 30. 

Each time a random access to the base station BS has to be initiated, the user 
equipment UE starts with deriving the path loss to the base station BS. To this end 
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the first determination unit 22 of the user equipment UE estimates the path loss from 
the broadcast base station power level and the actually received power level. The 
estimated path loss is output to the second determination unit 24 which in response 
to receipt of the estimated path loss accesses the database 20 to determine a 
preamble signature corresponding to the estimated path loss. 

The database 20 may for example include a look up table which indicates for individ- 
ual path loss classes one or more available preamble signatures. In the case only one 
signature is valid for the particular estimated path loss, this signature is read by the 
second determination unit 24 out of the database 20 and is forwarded to the modula- 
tor 26. In the case the contents of the database 22 indicate that two or more pream- 
ble signatures are assigned to the particular path loss estimate, the second 
determination unit 24 randomly selects one of the valid signatures and forwards the 
selected signature to the modulator 26. 

The modulator 26 modulates the preamble signature received from the selection unit 
24 onto the preamble signal so that the preamble signal becomes indicative of the 
path loss estimate (i.e. path loss class). The modulated preamble signal is output to 
the transmitter 28 which transmits the modulated preamble signal via the antenna 30 
to the base station BS. 

As becomes apparent from Fig. 8, the base station BS comprises a receive antenna 
40 for receiving preamble signals, a receiver 42, an analyzer 44, a database 46, a 
derivation unit 48, a transmitter 50, and a transmit antenna 52. 

A preamble signal received by the receiver 42 via the antenna 40 is output to the 
analyzer 44 which analyzes the preamble signature with respect to e.g. the path loss 
class associated with this preamble signature. To this end the analyzer 54 accesses 
the database 46 which includes a table associating preamble signatures and path loss 
classes. The path loss class determined by the analyzer 44 is output to the derivation 
unit 48 which derives from e.g. an internal look up table a transmit power level for 
the AI to be transmitted on the DL AICH. 

This transmit power level is output to the transmitter 50 which additionally receives 
information from the analyzer 44 about the specific preamble signature the transmit 
power level was derived for and AI access control information (+1/0/-1). The trans- 
mitter generates an AI signal including the AI access control information and the 
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respective AI signature corresponding to the preamble signature. The transmitter 50 
then broadcasts the AI on the DL AICH at the transmit power level which was 
individually derived for a specific user equipment UE by the derivation unit 48. 

In principle, the transmitter 50 may simultaneously transmit a plurality of AIs for a 
plurality of user equipments UEs at different transmit power levels depending on the 
individual path loss classes indicated by the preamble signatures of the individual 
user equipments UEs. This might lead to the situation that the received dedicated AI 
of a particular user equipment UE is severely interfered by other AIs, especially by 
such AIs transmitted at a higher transmit power level. To cope with such an interfer- 
ence, the user equipment UE might be provided with interference cancellation 
capabilities. 

In the following, an exemplary interference cancellation (IC) procedure which might 
be implemented in the user equipment UE of Fig. 7 will be described with reference 
to Figs. 9 to 11. It should be noted that this IC technique is not limited to the particu- 
lar user equipment UE depicted in Fig. 7 but can generally be employed in a wireless 
communications system in context with multi-user detection (MUD). 

Fig. 9 schematically shows components of a receiver for implementing an MUD/IC 
scheme for the AICH. As becomes apparent from Fig. 9, an IC unit 60 of the user 
equipment UE receives an AI signal that initially is subjected to despreading, channel 
estimation processing and Maximum Ratio Combining (MRC) in an IC component 62. 
The IC component 62 will be described in more detail below with reference to Fig. 
10. 

A signal AI_MRC output by the IC unit 62 is input to the AI reference signal genera- 
tor 64 to generate a reference signal AI_SIG relating to all AIs concurrently received 
on the DL AICH. The signal AI_SIG is input into an extracting component 66 of the 
IC unit 60 where all AIs that are weighted stronger (i.e. that are transmitted at a 
higher power level) than the own AI of the user equipment UE are detected. Equally 
or lower weighted AIs, i.e. AIs transmitted at the same or a lower power level than 
the own AI of the user equipment UE, need not be considered further due to their 
negligible contribution to the overall inference. 

The stronger weighted AIs detected by the extracting component 66 are input to a 
re-modulator 68 together with the already available channel estimates output by the 
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IC component 62. The re-modulator 68 generates a compensation signal relating to 
all AIs that are not associated with the own AI of the user equipment UE and that are 
transmitted at a higher power level. The compensation signal is then subtracted from 
the received AI signal resulting in an interference-reduced signal for detection of the 
AI modulated at a base station BS on the corresponding AI signature. 

The received signal from which the compensation signal has been subtracted is 
despread in a despreader 70 to generate a despread signal AI_MRC. This signal 
AI_MRC is then input into AI reference signal generator 72 for the specific AI to 
generate the specific AI signal AI_SIG\ The AI_SIG' signal is then subjected to a 
threshold decision in the detector 74 to determine if the access control information 
AI for the particular user equipment UE equals -1, 0 or +1. 

Now the IC component 62 and the AI reference signal generator 64 of the IC unit 60 
of Fig. 9 will be described in more detail with reference to Figs. 10 and 11. 

Fig. 10 shows the structure of a CPICH/AICH-RAKE-based AI receiver approach. In 
addition to a code generator 75 and receiver components 76, 80 that are search- 
ing/tracking as well as despreading (and demodulating) the CPICH signal, an AI 
despreader 82 and an AI MRC unit 84 share the delay and channel estimate informa- 
tion generated by the components units 76, 80. 

The channel estimates delivered from demodulation of the CPICH are assessed on an 
AI symbol basis. In order to remove the noise component of the estimated channel 
tap weights, a simple averaging of a number of channel estimates is applied: 



where g,[k] is the complex channel tap weight directly calculated from demodulating 

the DPICH at symbol instant k. The number of averaged "raw" weights was adapted 
to the maximum Doppler shift. The used rule of thumb was: 



s,[k]= £ g,\i]/N t 



aver 
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where f Doppler is the maximum Doppler shift and t symM is the symbol duration (here 
Symbol * 0.0625/mj) . The Doppler shift adaptation can be omitted in the case there is 
no or only a small Doppler shift. 

In the AI MRC unit 84 the following operation is performed on each demodulated AI 
symbol AI[k]. 

AI_MRC[k]= ZAlfclgfc]* 

M 

where AI_MRC[k] is the symbol-based output , AI|[k] is the demodulated AI symbol 
for each propagation path (each used RAKE finger); L is the number of propagation 
paths and g,[k\* is the complex conjugate symbol-based channel estimate for 
propagation path I and symbol instant k. 

Figure 11 sketches the generation process of the AI reference signal (AI_SIG) from 
the AI MRC output signal AI_MRC within the AI reference signal generator 86 shown 
in Fig. 10. This output signal is blockwise (16 samples) held, resulting in AI_MRC_h, 
and multiplied with all 16 signatures from a reference signature element. This 
operation results in 16 complex signature reference values, one for each signature. 
This means that a positive AI sent signature will ideally result in a reference value of 
1, a non-sent signature will result in a reference value 0 and a negative acknowl- 
edgement will result in -1. 

The respective process can be expressed by the following matrix operation: 

AI_SIG = AI MRC • SIG 



Here AI _SIG means the row vector (block) of 16 signature reference values, 
AI_ MRC denotes the row vector (block) of 16 AI-MRC output samples and SIG 
represents the (16 x 16) matrix of all (complex) signatures. 

Summarizing, the invention proposes to generate an access request signal carrying 
transmission path information. This information may be exploited by a receiving 
network component for a variety of different purposes. For example it allows a power 
allocation for AIs on the AICH and thus a capacity increase in a base station BS. 
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Furthermore, a reduced peak-to-average power ratio in a base station power ampli- 
fier may be realized. 

Since the invention is compliant with current specifications for e.g. 3GPP, no major 
changes of the 3GPP RA procedure and specification are necessary to implement the 
invention. In particular, the utilization of the present invention can be left as an 
option to an operator of a specific base station. 

While embodiments of the present invention have been shown and described, 
various modifications may be made without departing from the spirit and scope of 
the present invention, and all such modifications and equivalents are intended to be 
covered. 



